OBJECTIVE: Three critical periods have been suggested for the development of obesity during childhood: fetal, ages 4-6 y, and adolescence. The prevalence of obesity in elementary school children is increasing in Japan, and the present study examines whether this rising prevalence occurs during the elementary school period (age 6-11 y) or is occurring prior to entry into elementary school. DESIGN: Repeated cross-sectional sampling of cohorts of children for the prevalence of obesity.
Introduction
Obesity is a serious problem among young people as well as among adults. [1] [2] [3] The number of preschool children and adolescents who are obese is increasing in developed countries, and the current evidence suggests that this problem is rapidly worsening.
As regards the development of obesity in childhood, there appears to be at least three critical periods. 4 These periods include the following stages of life: fetal; a period of adiposity rebound between ages 4 and 6, in which the body mass index (BMI) begins to increase again after a rise in infancy and subsequent decline; and adolescence. 4 The probability that an obese 6-y-old child would be obese 6 y later is reported to be extremely high in Japan, while the probability for becoming obese is especially high in boys. 5 The data suggest that the elementary school period is another potential period for the development of obesity in childhood. Similar patterns in the prevalence of obesity have been reported in other countries. [6] [7] [8] [9] [10] These reports prompted us to determine the prevalence of obesity among 6-and 12-y-old children using data collected over the period 1989-2002 in a relatively stable population in Kagoshima City in Japan. In addition, nationwide data on children of the same ages during 1989-2001 were analyzed for comparison. The purpose of the present study was to determine whether elementary school children are at risk of developing obesity.
Subjects and methods

Subjects in Kagoshima City
The subjects were 81 264 first grade (41 402 boys and 39 862 girls) and 87 849 seventh grade (44 371 boys and 43 478 girls) children; the data regarding these children were obtained between 1989 and 2002, inclusively, from elementary and junior high schools by the Board of Education in Kagoshima City and the Kagoshima City Medical Association. We obtained permission to use and analyze these data from the committee for ethics of the Kagoshima City Medical Association, under the condition that confidentiality regarding all personal data would be maintained. Kagoshima City is located in the southern part of Japan, and it has a population of approximately 550 000 individuals. In Japan, most children attend public (municipal and national) elementary and junior high schools, with a small number attending private schools. In Kagoshima City, elementary schools consist of 59 public schools (58 municipal and one national) and one private school. Junior high schools consist of 33 public (32 municipal and one national) and three private schools. The school term starts in April. Incomplete data were excluded from the present study. The 81 264 first grade children included in the analysis corresponded to 94% of all children admitted to elementary school; the 87 849 seventh grade children analyzed corresponded to 87% of all children admitted to junior high school between 1989 and 2002 in Kagoshima City.
Measurements of height and weight
The height and weight of the children were measured by school nurses at the schools in early April of each year. Height was measured without socks and shoes, and weight was measured while the children wore only underclothing. Height was measured to the nearest 0.1 cm and weight was measured to the nearest 0.1 kg. The BMI was calculated as (weight in kg)/(height in m) 2 
.
Subjects in a nationwide study (all Japanese children) Each year, the Ministry of Education, Culture, Sports, Science and Technology in Japan publishes frequency tables with information about the height and weight of the Japanese population. 11 The table shows the frequency per thousand children with the height (every 1 cm) and a weight (every 1 kg) for each age and sex. The data of height and weight were measured at the schools in early April of each year. The data are expressed to one decimal place. The data used for this study were based on information collected from 270 720 elementary and 225 600 junior high school children every year. For example, in 1989, these samples corresponded to 2.8 and 4.0% of all elementary and junior high school children, respectively, in Japan.
11
Definition of obesity In the present study, obesity was defined as children with a BMI equal to or more than the 95th percentile for their age and sex 12 based on the reference data in Japan.
Reference data for the BMI percentile value for each age and sex
In Japan, the prevalence of obesity (BMI Z30.0) in adults is known to be quite low, compared with the data in Western populations, and a BMI of greater than or equal to 25 has usually been used for the definition of obesity in Japanese adults. 13 For this reason, we have used Japanese reference data to define obesity, and not the definitions recommended by Cole et al.
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Reference percentile values of the BMI for each age and sex was determined from frequency tables of height and weight from three successive years, 1979-1981. 11 The cutoff points for obesity in the present study are shown in Table 1 . Japanese children enter elementary schools in April when they are 6 y old. The height and weight of the children in this study were measured soon after they had entered school. Therefore, almost all of the first graders were 6 y old, with only a small number being 7 y old, at the time of the measurements. Similarly, almost all of the seventh graders were 12 y old at the time of the measurements. We used the reference data from children who were 6 y old in the case of the first graders, and that of 12 y olds in the case of the seventh graders.
Statistical analysis
Year-on-year trends for obesity in Kagoshima and nationwide Japan To determine whether the prevalence of obesity is rising across time, univariate regression analyses were performed on the BMI data for each group (6-and 12-y-old boys and girls) in both Kagoshima and nationwide Japan, over the period 1989-2001/2. We also examined the interactions with gender and age for the magnitude of the obesity increase over the period.
Changes in the prevalence of obesity between 6-and 12-y-old children in Kagoshima and nationwide Japan In Kagoshima City, about 80% of the children who had previously entered elementary school later entered junior high school in Kagoshima City. 5 We determined whether the prevelance of obesity changed between the first and second measurements, assuming that all children in the first grade were again enrolled as subjects 6 y later in the seventh grade. The odds ratio of prevalence of obesity of 12-y-old children Rapid increase in childhood obesity prevalence M Yoshinaga et al was calculated using the prevalence of obesity of the same cohort at 6 y old as the reference, for each of the cohorts studied. Statistical testing for the prevalence of obesity was based on Fisher's exact probability test. A level of Po0.05 was considered to be statistically significant.
Results
Characteristics of the subjects in the present study Comparisons of the samples show that the mean BMI values of children in Kagoshima City were a little lower than those of nationwide Japanese children ( Table 2 ). The table also shows that the increases in the mean BMI values of the elementary school children were small (around 0.2 kg/m 2 ), both in Kagoshima and nationwide Japan over the study period 1989-2001/2, while those of the junior high school children were larger, especially in Kagoshima City (up to 1.0 kg/m 2 over the period). The BMI percentile values at 10th, 50th, 90th, and 95th points from the data in 2000 are shown in Table 3 . The data suggest that 10th and 50th percentile values were almost the same between Kagoshima City and nationwide Japan, although 90th and 95th values were a little larger in nationwide Japan than in Kagoshima City.
Changes in the prevalence of obesity among 6-and 12-y-old children in Kagoshima and nationwide Japan The prevalence of obesity in 6-y-old children was higher than that of 12-y-old children until 1999-2000; however, the prevalence of obesity of 12-y-old children exceeded that of 6-y-old children in 2001-2002, as that of 12-y-old children had increased rapidly in the late 1990s (Figure 1a, b) .
The data for nationwide Japan show a similar pattern, with the prevalence of obesity of 6-y-old boys rising until 1995 and that of 12-y-old boys rapidly increasing since the early 1990s. The prevalence of obesity was higher in 6-y-old girls than in 12-y-old girls between 1989 and 2000; however, the prevalence of obesity among 12-y olds surpassed that of 6-y olds in 2001 (Figure 2a, b) . Table 2 The numbers of subjects and the mean values of body height, body weight, and BMI of the subjects in the present study
Children in Kagoshima City
Nationwide Japanese children Abbreviations and units: n, number of subjects; BH, body height (cm); BW, body weight (kg); and BMI, body mass index (kg/m 2 ). Since the data of nationwide children were obtained from the frequency tables (frequency per thousand children), the number of subjects were not obtained (refer to the text).
Rapid increase in childhood obesity prevalence M Yoshinaga et al
To determine whether the prevalence of obesity has been rising significantly across time, univariate regression analysis was performed for each group (Table 4 ). The rising trend was statistically significant in all groups. No gender difference was observed in the rising trend of the prevalence of obesity both in Kagoshima and nationwide Japan. A marginally significant effect of interaction with age was present (P ¼ 0.050) in boys and a significant effect (P ¼ 0.020) was present in girls in Kagoshima City. In nationwide Japan, a significant effect of interaction with age was present in both boys (P ¼ 0.003) and girls (P ¼ 0.011). These data indicate that the rising trend was significantly greater in 12-y-old children than in 6-y-old children.
Repeated sampling of cohorts before and after elementary school years in Kagoshima and nationwide Japan About 80% of the children who entered elementary school in Kagoshima City later entered junior high school in Kagoshima City. 5 Continuous lines with arrows in Figure 1 show the changes in the prevalence of obesity of the same cohorts from 6 to 12 y old, assuming that all children in the first grade were again enrolled as subjects 6 y later in the seventh grade. Figure 1a shows significant increases in obesity prevalence between first and second measurements, between 1993 and 1996, for boys. Continuous lines with arrows in Figure 2 show the changes in the prevalence of obesity of the same cohorts from 6 to 12 y old for the nationwide data, assuming that all children in the first grade in Japan were again enrolled as subjects 6 y later in the seventh grade. Figure 2a shows significant increases in obesity prevalence between first and second measurments, throughout most of the study period for Japanese boys nationwide.
These data are also presented in Tables 5 and 6 , which give the odds ratios for the prevalence of obesity of 12-y-old children calculated against the prevalence of obesity within the same cohort at 6 y old, in Kagoshima and in nationwide Japan, respectively. The tables show a significant risk for the development of obesity during the elementary school years applies to boys from around 1993 onwards in Kagoshima City and applies throughout the study period in nationwide Japan. Rapid increase in childhood obesity prevalence M Yoshinaga et al
Discussion
The prevalence of obesity among elementary school children in both Kagoshima and Japan as a whole increased rapidly in the 1990s. The results of the present study show that for girls all the increase can be attributed to their rising levels of obesity before they enter elementary school. For boys, some of the increase can be attributed to their rising levels before entering elementary school and some to a further rise during elementary school, that is the elementary school is a period for the development of obesity among Japanese boys. A rapid increase in the prevalence of obesity during the elementary school period has been reported in several other countries. [6] [7] [8] [9] [10] Tremblay et al 9 reported a dramatic increase in obesity among Canadian children aged 7-13 y. The prevalence of obesity in children increased from 2 to 10% in boys and from 2 to 9% in girls between 1981 and 1996 (using the international age-and sex-specific cutoffs for childhood obesity, 14 ) while the corresponding increases in adults were 9-14% in men and 8-12% in women aged 20-64 y. 9 Krassas et al 8 reported that the increase in the mean BMI between 1984 and 2000 was highest among 8-y-old boys and 9-y-old girls in a study of Greek children aged 6-18 y. Krauss and Pollack 10 have recently reported an epidemic increase in American children aged 4-12 y from 1986 to 1998, particularly among African Americans and Hispanics. The increase in the prevalence of obesity may be due to the multiple effects of nutritional problems, an increased sedentary lifestyle (television watching and TV games), and decreased physical activity levels. [15] [16] [17] [18] [19] [20] [21] [22] [23] The reasons for these findings should be further investigated using the same subjects. Murata 21 reported an increasing daily ratio of fat Refer to the text concerning gender and age differences in these trends. Table 5 Odds ratios for the prevalence of obesity of 12-y-old children compared with the prevalence of the same cohort at age 6 y, in Kagoshima City to total energy intake in Japanese children starting as early as the 1980s. An important social phenomenon in the 1990s in Japan was an explosive increase in software and hardware for computer games (data not shown). 24 It is thought that such games are likely to enhance the sedentary lifestyle in both adults and children. The development of programs to change the sedentary lifestyle of elementary school children, especially boys, may be urgently needed in Japan as much as they may be needed in other parts of the world. A limitation of the present study was that we did not obtain the data on inactivity and did not exclude the data of children with other health disorders. Although the sample size of the present study was large, these points should be taken into account in any future study.
